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In a recent paper in Nature Neuroscience, Jessberger et al. (2008) report that overexpression of ASCL1
(mash1) directs adult hippocampal progenitors to adopt an oligodendrocytic fate. The effect is specific to
the hippocampal niche in vivo, indicating that cell-autonomous and niche-defined factors collaborate to
instruct cell fate choices.Nature or nurture? The question, long
posed with regards to the determinants
of our own behaviors and fates, has
proven just as germane to understanding
the differentiated fates of adult-generated
brain cells. In the adult forebrain, neural
stem cells reside within the ventricular
subependyma, while their derived daugh-
ters, which include transit-amplifying neu-
ronal and glial progenitor cells, reside
within both periventricular and parenchy-
mal compartments. These daughter pro-
genitors can adopt a variety of fates,
which are shaped, if not frankly dictated,
by the local environments within which
they are generated, and into which they
migrate—their local niches for neurogen-
esis or gliogenesis.
One such strong niche for neurogenesis
is the dentate gyrus of the hippocampus,
and its subjacent germinal zone, the
subgranular zone (SGZ). In normal adults,
hippocampal neurogenesis persists
among progenitors within the SGZ, from
which new neurons are added to the den-
tate granule layer throughout life. The
SGZ is a developmental vestige of the
ventricular subependyma, and its cycling
progenitors are radial cells, similar to the
neurogenic radial glia of embryogeny.
Yet whether these SGZ progenitors are
neuronally restricted in vivo, or whether
they might instead comprise a population
of neural stem cells constrained to give
rise to neurons by virtue of the hippocam-
pal tissue environment, is unclear; adult
hippocampal progenitor cells have been
variably described as either solely neuro-
genic or multipotent, depending uponthe source, extraction technique, growth
conditions, and assessment endpoints
(Roy et al., 2000; Seaberg and van der
Kooy, 2002; Seri et al., 2001).
In a recent paper in Nature Neurosci-
ence by Jessberger, Gage, and col-
leagues (Jessberger et al., 2008), we learn
that neural progenitor cells of the adult
rodent dentate gyrus, which give rise
almost entirely to excitatory granule neu-
rons in vivo, can be redirected to generate
myelinating oligodendrocytes at a single
stroke, by overexpressing a single tran-
scription factor. That agent is ASCL1
(Mash1), a bHLH protein long implicated
in both oligoneogenesis and ventral neu-
rogenesis. By infecting the dentate gyrus
of adult rats with a retrovirus expressing
ASCL1, Jessberger et al. succeeded in
instructing the infected cells and their
daughters toward a glial fate, specifically
as oligodendrocytes. The effect was virtu-
ally all-or-none, in that whereas normal
dividing dentate cells became dentate
neurons, essentially all of the ASCL1-
transduced cells became oligodendro-
cytes, a significant proportion of which
went on to develop myelin and properly
ensheath host axons. Expression of a sin-
gle protein had thus flipped a fate switch,
leading these otherwise neuronally fated
cells to become myelinating oligodendro-
cytes. Yet just how remarkable is this, in
a world in which as few as three or four
transcription factors are now recognized
as sufficient to drive a differentiated so-
matic cell back to pluripotency (Takahashi
et al., 2007; Yu et al., 2007)? If a somatic
cell can be reprogrammed to the undiffer-Cell Stem Ceentiated ground state of an induced plu-
ripotent stem cell, then why not a fate
switch—perhaps associated with a partial
reprogramming—that biases a cell to a re-
lated phenotype within the same parental
lineage, such as a hippocampal progeni-
tor giving rise to an oligodendrocyte in-
stead of a neuron? Jessberger effectively
asked, ‘‘Why indeed not?’’
Jessberger thus uses the hippocampus
to make a more fundamental point, that
the lineages available to progenitor cells
in the adult nervous system are neither
static nor immutable. As a similar case in
point, glial progenitor cells, another tran-
sit-amplifying derivative of subependymal
neural stem cells, pervade the adult gray
and white matter. In vivo, these cells are
able to give rise to oligodendrocytes or
astrocytes and will generate one pheno-
type or the other in response to local
cues. Yet these parenchymal glial pro-
genitor cells may also be instructed, via
the BMP-signaled induction of an
astrocytic intermediary, to regenerate the
neural stem cell phenotype (Kondo and
Raff, 2000)—much as transit-amplifying
neuronal progenitors may be instructed
to regenerate multipotent neural stem
cells in vivo, under EGF expansion
(Doetsch et al., 2002). In a similar vein,
a fraction of adult glial progenitors exhibit
multilineage competence without any
in vitro instruction (Belachew et al., 2003;
Nunes et al., 2003), suggesting the possi-
bility that this nominally restricted progen-
itor pool may persist in a dynamic equilib-
rium, whereby cycling glial progenitors
may regenerate multipotent progenitorsll 3, August 7, 2008 ª2008 Elsevier Inc. 125
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We can reasonably suppose
that in each such case, the
extracellular signals dictating
either broadened lineage com-
petence, or redirected differen-
tiation, may be transduced
through transcriptional pro-
grams similar to those acti-
vated in cells redirected to
new fates by overexpressed
transcription factors.
Jessberger’s induction of oli-
godendrocytic phenotype by
hippocampal neuronal progeni-
tors thus provides us a poten-
tially wide window through
which to view the most distal
steps in neuroglial fate decision,
as well as a molecular trigger—
ASCL1—by which that process
may be instructed. Yet impor-
tantly, Jessberger et al. note
that ASCL1 proved insufficient
to induce oligodendrocytic fate
by isolated SGZ progenitors:
when removed to tissue culture,
SGZ progenitors generated
neurons in vitro, regardless of
whether they were transduced
to overexpress ASCL1. Simi-
larly, whether in vivo or in vitro,
ASCL1 overexpression of sube-
pendymal neural stem cells
yielded neurons. Only in the
SGZ in vivo did ASCL1 over-
expression prove sufficient to
direct oligodendrocytic fate.
This extraordinary context dependence of
ASCL1-dependent oligoneogenesis sug-
gests a model by which ASCL1 must act
in coassociation with other, independently
initiated and transduced pathways, to
signal oligodendrocytic fate (see Figure 1).
Absent other agents and their own tran-
scriptional signals, ASCL1 expression is
thus associated with neuronal rather than
oligodendrocytic fate. This model reveals
a fundamentally plastic progenitor pheno-
type, limited in its lineage choice, rather
than in its cell-autonomous lineage poten-
tial, by environmental factors whose
combinatorial influence serve to define its
niche. As such, while individual progenitors
may be targeted for transcription factor
overexpression-mediated direction to de-
sired lineages, the niche itself would ap-
pear to be the most approachable target
for modifying the fates of entirepopulations
of resident progenitors. In defining the con-
textual dissimilarities between subependy-
mal and subgranular zone progenitor cells
in both their native expression of ASCL1
and their responses to its overexpression,
Jessberger and colleagues remind us of
the ready malleability of somatic progenitor
cells. More broadly, their observations also
serve to highlight the extent to which that
phenotypic plasticity might be delimited
and ultimately defined by the dynamic in-
teraction of progenitor cells with the local
environments in which they reside.
Jessberger et al.’s findings have thera-
peutic implications as well. It now seems
clear that key transcription factors with re-
programming activity, and small mole-
cules able to modulate the ex-
pression of these factors, can
direct the fate choices of
progenitor cells. Jessberger
et al. raise the possibility that
this may be accomplished in
endogenous progenitor cells
in vivo, and in a niche-specific
manner, thereby minimizing
off-target effects among cells
outside of the targeted niche.
Such niche-specific fate
switching bodes well for both
gene and small-molecule-
based approaches to targeting
endogenous progenitor cells,
conceivably permitting us to ul-
timately induce the regenera-
tion of whatever cells are de-
sired, when and where they
are needed.
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Figure 1. A Model for Context-Specific Fate Switching by AHPs
In Vivo
Context-dependent fate switch or reprogramming of cell type fate may re-
quire a minimum of two factors, one autonomously expressed by the target
neural stem cell, and the other provided or induced by its germinative
niche. These may both be necessary, but individually insufficient, to alter
the otherwise biased neuronal fate of the neural stem or progenitor cell.
In the subventricular zone (SVZ), although neural stem and/or progenitor
cells express Ascl1, the absence of a competent oligoneogenic factor
may prevent oligodendrocyte lineage choice. Similarly, the absence of
such a niche-supplied factor in vitro may prevent SGZ neural progenitors
from switching from neuronal to oligodendrocytic, despite their forced
overexpression of Ascl1. In contrast, SGZ cells induced to overexpress
Ascl1+ in vivo, already provided with a niche-specific factor permissive
of oligoneogenesis, adopt oligodendrocyte fate. In the same vein, white-
matter Ascl1+ cells may reside in an environment in which a permissive
factor or factors for oligoneogenesis are already present, hence biasing
these cells to glial and oligodendrocyte fate once mobilized in vivo.
(Figure by A. Benraiss.)126 Cell Stem Cell 3, August 7, 2008 ª2008 Elsevier Inc.
